Thermostabilization mechanism of bovine serum albumin by trehalose.
Thermal denaturation of bovine serum albumin (BSA) is analyzed from differential scanning calorimetry (DSC) and Raman spectroscopy investigations. DSC curves exhibit a marked dependence on protein concentration. BSA thermal denaturation becomes broader and bimodal, and the temperature of denaturation increases with increasing protein concentration. Raman scattering investigations simultaneously carried out in the low-frequency range (10-350 cm(-1)) and in the amide I band region (1500-1800 cm(-1)) indicate that the denaturation process is described as a biphasic process independent of protein concentration. The dependence of the protein stability upon the protein concentration can be interpreted from the coupling of protein and solvent dynamics. The confrontation of previous results obtained from Raman investigations on lysozyme (LYS) and the present study of BSA brings out significant information on protein dynamics and the coupling of protein and hydration-water dynamics in relation with the solvent accessible surface area. Contrary to LYS, the modification of the dynamics of hydration water by the protein is clearly observed on BSA. The influence of trehalose on the protein dynamics was analyzed. We found that trehalose reduces the dynamic fluctuations of polar side chains at the protein-solvent interface. The mechanism of thermostabilization by trehalose is related to the reduction of the exposure of hydrophobic groups of BSA to the water molecules, and to a strengthening of intermolecular O-H interactions in the hydrogen-bond network of water, leading to the stabilization of the tertiary structure.